Telecentre effectiveness is highly related with involvement of people in the community and has been measured by the socio-economic benefit gained from the telecentre. One of the important aspects that are often overlooked in the assessment of telecentre effectiveness is the technological change. It is referred to as the overall process of continuous invention, innovation and diffusion of technology that aims at improving the quality of telecentre operations. This paper presents a conceptual model of technological change on telecentre effectiveness. In achieving this, extensive reviews of literature on related concepts were performed. Several elements of technological change that are expected to have impact on telecentre effectiveness were identified. These elements were categorized into three dimensions of technological change process, which are in accordance with the Linear Model of Innovation namely invention, innovation and diffusion. This model can be used as a basis towards getting empirical evidence on the impact of technological change on telecentre operations.
Introduction
Telecentre is commonly associated with Information and Communication Technology (ICT) for development projects (Mishra, 2013) . Telecentres are considered as one of the most successful projects of ICT diffusion in developing countries, particularly the poor and people living in remote rural areas (Rajalekshmi, 2007) . According to Gomez et al. (2012) and Norizan et al. (2010) , telecentre is a place where ICT facilities such as computers, and Internet services, training, and Internet access are provided to the rural community. Telecentre is a public place where people can find information, create, learn, and communicate with others while developing digital skills through access to information and communication technology (Telecentre.org). The Economic Planning Unit of the Prime Minster Department of Malaysia defines telecentre as a one-stop centre that provides Information and Communication Technology (ICT) and Internet services to various local communities in improving their socio-economic status (EPU, 2007) . Telecentres are much like Internet cafés, except that they are placed in underserved communities with the deliberate intention of accelerating their socio-economic growth. Telecentres are often initiated by private or public business initiatives, which provide communities with information and telecommunication services, with the aim of achieving a variety of development objectives (Bailey & Ngwenyama, 2009; Proenza, 2001; Rao, 2008; Bishop & Bruce, 2005) . targeted community's socio-economic conditions .
However, a number of studies have reported that telecentres did not live up to their potential as most of the rural community did not foresee the importance of ICT (Doshi & Gollakota, 2011; Sey & Fellows, 2009; Huda et al., 2009) . Telecentre can be a mean to accelerate economic growth (Toyama, 2011) provided that the users are able to take advantage of the technological infrastructure and services offered in the telecentre (Bar et al., 2013) . This is feasible if the users possess certain ICT skills and must see the needs to use the telecentre (Bar et al., 2013; Wang & Shih, 2009) . This is also important to ensure sustainability of telecentre operation (Stoll, 2008) . However, as the users are mainly from the rural areas and usually are not techno-savvy, the advancement and changes in technologies do give impact to them and thus affect the usage of the telecentre. This is worsened as technology changes very rapidly. Technology or ICT infrastructure is one of the important elements in ensuring the successful and effective usage of a telecentre (Bar et al., 2013; Lo et al., 2013; Bashir et al., 2011; Toyama, 2011; Norizan, 2009; Wan Rozaini et al., 2007; Rao, 2004) . According to Reddi (2011) , "the availability of telecommunications infrastructure is a precondition to the use of ICT4D (ICT for development) and must be addressed; while issues of access are based as much on technology factors as they are on the enabling environments (economic, social and regulatory) that has to be planned for". In order to sustain the usage of the telecentre, access only is not enough, the available technology needs to be enhanced and innovated (Bar et al., 2013; Lo et al., 2013; Bashir et al., 2011; Reddi, 2011) . At the same time, the selection of appropriate technologies for the rural communities should emphasize on the cost effectiveness for rural connectivity and information processing solutions (Ab-Hamid, 2011; Reddi, 2011; Crabtree, 2006) . Technological change has an impact on telecentre in terms of infrastructure, costs, IT services, and information accessibility (Meng et al., 2013; Garrido et al., 2012; Gomez, 2011; Jimoyiannis, 2010) . A study conducted by Qureshi and Trumbly-Lamsam (2008) showed that technological change provides easy and affordable access to ICT resources and thus, have assisted individual in acquiring useful information. Hence, to remain in line with the needs of the community, telecentre needs to be innovative in diversifying its services (Lo et al., 2013) and thus provides convenience towards the effective usage of telecentre.
Technological change is defined as an expression used to illustrate the overall process of invention, innovation and diffusion of technology. Rapid improvement of technology contributed to knowledge through engaging people and making new resources accessible and affordable for them. Easy access to IT has created a substantial effect to telecentre environments through the usage of the new technology devices (Kremer & Maskin, 2003) . The innovation in technology has helped towards the accomplishment of societal development through user involvement (Qureshi, 2013; Wang & Shih, 2009; Qureshi & Trumbly-Lamsam, 2008; Harris, 2001) . However, most studies on telecentre effectiveness have not specifically focused on technological change. Hence, a conceptual model that focuses on technological change on telecentre effectiveness, in particular from the dimensions of invention, innovation, and diffusion is proposed. These dimensions are adopted based on Linear Model of Innovation suggested by Godin (2013) , Godin (2006), and Roman (2003) .
Telecentre Effectiveness
The concept of telecentre was first introduced in the early eighties in the Nordic countries particularly in Denmark where it is known as telecottage. Telecentre later spread to other countries such as Europe, North America and Australia (Proenza, 2001) . Telecentre, also known as multi-purpose community telecentres, public Internet access points, or information kiosks, is an avenue for providing ICT services to rural communities (Gomez, 2011; Best & Kumar, 2008) . In line with this, this study adopts the definition by Bailey and Ngwenyama (2009) that define a telecentre as a place where public can have access to ICT facilities and services for economic, social and cultural development.
In general, telecentre can be described as a mechanism, which uses ICT to support a community's economic, social and educational development, bridging the digital divide, and empowerment. In a telecentre, Internet and computer services (ICTs) are provided to the rural community enabling the rural populace who are mostly farmers to increase their income through improved productivity and marketing (Doshi & Gollakota, 2011) . Global growth in ICTs industry has created an awareness of the ability of ICTs to transform lives and alleviate poverty. Hence, the use of ICT in enhancing socio-economic development of the targeted community has been used as a dimension in determining telecentre effective usage (Bar et al., 2013; Meng et al., 2013; Doshi & Gollakota, 2011; Reddi, 2011; Toyama, 2011; Bailey & Ngwenyama, 2009 ).
Several frameworks have been developed to assess the effectiveness of telecentres using various factors such as technology infrastructure, services, technology adoption, and information accessibility (Meng et al., 2013; Naik et al., 2012; Bailey & Ngwenyama, 2009 ). In addition, the deployment of new technologies has vital impact on www.ccsenet.org/cis Computer and Information Science Vol. 9, No. 2; 2016 individuals' utilization and satisfaction of telecentre effectiveness (Doshi & Gollakota, 2011; Abdulwahab & Zulkhairi, 2010) . These factors revolve around the issue related to user satisfaction Gurstein, 2007) , improvement of socio-economic (Garside, 2009; Rothenberg-Aalami & Pal, 2005) , sustainability (Avgerou, 2010; Proenza, 2001) , impact (Avgerou, 2010; Roman, 2003) , best practice (Avgerou, 2010; Roman, 2003) , telecentre governance (Zahurin et al., 2009; Hudson, 2001) , technological infrastructure (Meng et al., 2013; Cheuk et al., 2012; Bashir et al., 2011; Zahurin et al., 2010) , and technology deployment (Lashgarara et al., 2012; Bailey & Ngwenyama, 2009 ). In addition to these challenges and issues on telecentres effectiveness, issues related to technological change are yet to be explored.
Technological Change
Technological change refers to the rapid and radical changes and development in ICT. The concept of technological change, also known as technological progress (Hritonenko & Yatsenko, 2013) , connotes "the presence of a self-sustaining mechanism of cumulative productivity growth". The issue related to technological change has gained attention in recent years due to various incidents whereby established organization being left behind and taken over by other organizations that are more innovative in using technologies strategically for the survival of their businesses. The scenario in which new firms replacing old ones is not new, but has been accelerated in recent years and thus made much more apparent, especially in rapidly developing fields such as ICT (Benson & Magee, 2012) .
According to Crabtree (2006) , technological change is based on continuous improvement of technology in a more cheaper and affordable medium to achieve social and economic development. In the same study, technology has been defined in term of space matrix. The space matrix is made of three dimensions of technology elements namely the average value by technology element unit, types of technology elements, and number of technology element units. Technology element refers to the specific type of goods, services or processes. Technology, at a given point in time, can be represented by the presence of these elements, the extent of the diffusion of those elements in economy and society, and the value contributed by each technology element unit, either individually or in conjunction with other elements. This definition is based on the principle of goods, service and process, which is similar to Jaffe et al. (2002) .
Technological change, which is used interchangeably with technology development or technology advancement, describes the overall processes of invention, innovation and diffusion of processes or technology (Jaffe et al., 2002) . The term is also synonymous with technological achievement, and technological progress. They described technological change as the invention of a technology (or a process), followed by the continuous process of improving a technology, and subsequently its diffusion throughout the industry or society. One of the earlier models used to explain technological change process is the Linear Model of Innovation of Godin (2006) . It was developed as a theoretical framework to understand science and technology in relation to the economy. The model suggests that change happens in a linear fashion from invention to innovation to diffusion as shown in the Figure 1 . This model was also referred to as the traditional phase gate model because the concept of gates and gatekeeper was used to illustrate it (Rothwell, 1994) . It involves series of sequential phases arranged in such a manner that the preceding phase must be completed before moving to the next phase. The project is assumed to pass through a gate (phase change) with the permission of the gatekeeper (task completion check) before moving to the next succeeding phase. Hence, technological change has been represented by the process stages of invention, innovation, and diffusion (Godin, 2006 ). These processes are described next.
Invention
Invention denotes the development of new idea that can transform product, process or services. As observed by (Antonelli et al., 2013) , inventions and scientific breakthroughs have the capability of making some portions of the stock of knowledge or technologies obsolete. It involves studying the relationship between complementary technologies, knowledge relatedness, and invention outcomes in high technology mergers. Shaista (2006) argued that research and development (R&D) efforts resulted into invention and creation of new ideas. In this paper, invention can be regarded as an act or process of introducing something new or making a significant change to an existing system. Invention is found to be influenced by research and development (R&D), government policy, and technological knowledge. R&D efforts produce new ideas that lead to invention (Ma & Nakamori, 2008; Dawid, 2006) . Government policy plays significant moderating roles in technological change process through various policies such as funding, operational or patent (Makri et al., 2010) . In addition, Makri et al. (2010) and Crabtree (2006) also indicate that technological knowledge is an essential ingredient of invention.
Innovation
Innovation is an economic undertaking aimed at developing or enhancing the quality of product, process or www.ccsenet.org/cis Computer and Information Science Vol. 9, No. 2; 2016 13 services that produce novelty, thus it is considered as a very important determinant of technological change (Hekkert et al., 2007) . It connotes the ability to blend and weave together several kinds of knowledge to yield completely new, unique and of economic value products or services as knowledge represents a decisive input for innovation (Feldman, 2002) . Moreover, the success of any innovation is measured by its success at market place based on the quality of service and societal impact in terms of economic wellbeing, growth and success. Successful innovation requires organizational changes and collaboration at process level as well as conversion of idea into a marketable product (Verloop, 2004) . Breakthrough in innovation is highly dependent upon accumulated knowledge in a particular field. Likewise, successful innovation requires organizational changes at process level as well as conversion and collaboration of idea into commercially product adopted in the market (Verloop, 2004) . Another factor that can influence innovation is the infrastructural sustainability. Within the context of this study, infrastructure sustainability refers to technological sustainability, as technology is part of infrastructure (Meng et al., 2013; Cheuk et al., 2012; Bashir et al., 2011; Zahurin et al., 2010) . The current state of technology, capability and high deployment rate of technology are found to affect innovation Ali & Bailur, 2007) . Hence, innovation success is determined by rate of adoption or diffusion.
Diffusion
Diffusion refers to the number of usage or rate of adoption of an innovation and also serves as a mean of measuring the level of utilization of a particular product or services (Crabtree, 2006) . It represents the last and crucial stage in the linear model of technological change. Rogers (1985) described diffusion as a process by which innovation spread across society through communication channels. The rate of service diffusion, which is the dynamism of individual attention to the service being provided, is influenced by the affordability (cost), level of innovation, and satisfaction, derived from such services. Thus, if the level of innovation is high, cost is affordable and the service satisfactory, this may enhance commitment to short-term utilization and if this continues over time, individual commitment grows and thus triggers long-term utilization that aid effectiveness.
Technological Change Impacts on Telecentre
Technological change has been recognized as an important driver of effective growth and the emergence of new technologies from which user derive the perceived benefits (Misuraca & Viscusi, 2014; Dillon & Morris, 1996) . It depends not only on the work of scientists and engineers, but also on a wider range of technological markets (Sun et al., 2012) . A study by Hlungulu (2010) mentioned that technological change presents special opportunities to the social and geographical marginalized communities. It is observed that technologies like wireless communications permit easier integration of marginal areas that could not be connected physically (hard wired). The interactive capacities of these new technologies offer an added advantage of allowing previously marginalized communities to transmit information symmetrically.
The advancement and proliferation of technological products as in many ways affect telecentre effectiveness . This effectiveness can either be seen between the telecentre management and end-users, in whichever case; there is always an applicable technological device to smoothen the relationship. This suggests that technological change can have direct effect on telecentre utilization (Pick & Nishida, 2014) , and user satisfaction (Yen & Lu, 2008) , thus telecentre effectiveness. Tidd and Bessant (2011) suggested that technological change is the most influential and vital source for economic development. Technological change has a great influence on user satisfaction and utilization in particular with the innovation of attractive and enjoyable devices (Nusair & Kandampully, 2008; Cyr et al., 2006) . Technological change and telecentres can facilitate community access to information for socio-economic development purposes (Nusair & Kandampully, 2008; Cyr et al., 2006) .
Applying the Linear Model of Innovation in Conceptualizing Technological Change for Telecentre Effectiveness
Roman (2003) emphasized on the importance of evaluating telecentre effectiveness particularly on economic and social as the results will presumably have important policy implications. Telecentre is regarded as an innovation in itself by Cheang (2015) , Ghimire (2012), and Roman (2003) . In line with that, Chander et al. (2014) considered telecentre as an innovation broker whereby local level of R&D activities can stimulate local innovation thereby lead to better quality of life of the community. In this study, Godin's (2006) Linear Model of Innovation (Figure 1 ) is used as it is found to be appropriate in understanding the impact of technological change on telecentre effectiveness. Based on the literature as mentioned in Section 3.1 -3.3, the following factors are extracted to measure each phase in the model:
Invention: research and development, government policies, technological knowledge. (Godin, 2006) The relationships of the three processes are illustrated as the conceptual model of technological change for telecentre effectiveness as shown in Figure 2 . The relationships are derived based on the Linear Model of Innovation. In relating the involved processes with telecentre effectiveness, Invention exists if there is an improvement in research and development or government policies. In addition, adequate adoption of technological knowledge will also contribute to invention. Apart from Invention, Innovation occurs when there are technological sustainability, collaboration, and technological knowledge. In terms of technological sustainability, adequate provision of technological amenities that support services delivery enhances the rate of effectiveness, also updating technical knowledge on efficient services. This will contribute to the level of invention as well as innovation (Makri et al., 2010) . Innovation has the aim to develop or enhance the quality of product, process or services that produce novelty. With respect to telecentre operations, ICT facilities, the current state of technology, and market demand of services can be classified as elements of innovation (Crespi & Pianta, 2008 ). Diffusion happens when the level of innovation is high, cost is affordable and the service is satisfactory. This may enhance commitment to utilization and if this continues over time, individual commitment grows and this will lead to effectiveness. 
Conclusion and Recommendations
Research on the impact of technological change on telecentre effectiveness have identified several elements of technological change process that can be classified into three dimensions namely invention, innovation, and diffusion which is in accordance with the Linear Model of Innovation. For the invention dimension, three elements namely research and development, government policy, and technological knowledge have been associated to give impact on it. The innovation dimension is affected by elements such as collaboration, technological knowledge, technological sustainability and invention. The last dimension, diffusion, is affected by the affordability, level of innovation, and satisfaction, gained from the services provided by the telecentre. This clearly reflects the dependency of innovation on invention, and diffusion on innovation. This model is regarded as a contribution in assessing telecentre effectiveness in particular, on the impact of technological change. The model provides a basis for researchers to further explore the relationship of technological change and telecentre effectiveness using various techniques such as simulation or statistical approaches, towards getting more empirical evidence on the issue. Innovation Diffusion Invention www.ccsenet.org/cis Computer and Information Science Vol. 9, No. 2; 2016 
